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Y = distance from the outer edge of the tension
flange* to the neutral axis (of the transformed
section for composite girders) divided by the
depth of the steel section.

10.40.2.1.2 Thebending stressinthe concrete slab
incompositegirdersshall not exceed theallowablestress
for the concrete multiplied by R.

10.40.2.1.3 Rshall betaken 1.0 at sections where
the bending stress in both flanges does not exceed the
allowable stress for the web.

10.40.2.1.4 Longitudinal web stiffness preferably
shall not be located in yielded portions of the web.

10.40.2.2 Shear

The design of the web for a hybrid girder shall bein
compliance with the specification Articles 10.34.3 ex-
cept that Equation (10-26) of Article 10.34.4.2 for the
allowable average shear stressin theweb of transversely
stiffened non-hybrid girders shall be replaced by the
following equations for the allowable average shear
stressin theweb of transversely stiffened hybrid girders:

CF, F,
5 (10-90)

where:
Fy = specified minimum yield strength of the web
(psi)
The provisions of Article 10.34.4.4 and the equation for
A in Article 10.34.4.7 are not applicable to hybrid girders.
10.40.2.3 Fatigue

Hybrid girders shall be designed for the alowable
fatigue stressrangegivenin Article 10.3, Table 10.3.1A.

10.40.3 Plate Thickness Requirements

In calculating the maximum width-to-thickness ratio
of the flange plate according to Article 10.34.2, f,shall be
taken as the lesser of the calculated bending stress in the
compressionflangedivided by thereductionfactor, R, orthe
allowable bending stress for the compression flange.

* Bottom flange of orthotropic deck bridge

10.40.4 Bearing Stiffener Requirements

In designing bearing stiffeners at interior supports of
continuous hybrid girdersfor which a islessthan 0.7, no
part of the web shall be assumed to act in bearing.
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10.41 ORTHOTROPIC-DECK
SUPERSTRUCTURES

1041.1 General

10.41.1.1 This section pertains to the design of
steel bridgesthat utilize a stiffened steel plate as a deck.
Usually the deck plate is stiffened by longitudinal ribs
and transverse beams; effective widths of deck plate act
as the top flanges of these ribs and beams. Usually the
deck including longitudinal ribs, acts asthe top flange of
themain box or plategirders. Asusedin Articles10.41.1
through 10.41.4.10, the terms rib and beam refer to
sections that include an effective width of deck plate.

10.41.1.2 The provisions of these Specifications,
shall govern where applicable, except as specifically
modified by Articles 10.41.1 through 10.41.4.10.

An appropriate method of elastic analysis, such asthe
equivalent-orthotropic-slab method or the equivalent-
grid method, shall be used in designing the deck. The
equivalent stiffness properties shall be selected to cor-
rectly simulatetheactual deck. Anappropriate method of
elastic analysis, such as the thin-walled-beam method,
that accountsfor the effects of torsional distortionsof the
cross-sectional shape shall be used in designing the
girdersof orthotropic-deck box-girder bridges. The box-
girder design shall be checked for lane or truck loading
arrangements that produce maximum distortional (tor-
sional) effects.

10.41.1.3 For the preferred design method
(Strength Design), see Article 10.60.

10.41.2 Wheel Load Contact Area
The wheel loads specified in Article 3.7 shall be

uniformly distributed to the deck plate over therectangu-
lar area defined below:

Wheel Load quth peng.th n
(kip) Perpendicular to Direction of
p Traffic (in.) Traffic (in.)
8 20 + 2t 8 +2¢
12 20 + 2t 8 + 2t
16 24 + 2t 8 + 2t
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In the above table, t is the thickness of the wearing
surface (in.)

10.41.3 Effective Width of Deck Plate

10.41.31 Ribsand Beams

The effective width of deck plate acting as the top
flange of alongitudinal rib or atransverse beam may be
calculated by accepted approximate methods.”

10.41.3.2 Girders

10.41.3.2.1 The full width of deck plate may be
considered effective in acting as the top flange of the
girdersif the effective span of the girdersisnot lessthan:
(2) 5 times the maximum distance between girder webs
and (2) 10 times the maximum distance from edge of the
deck tothenearest girder web. Theeffectivespan shall be
taken asthe actual span for simple spansand the distance
between points of contraflexure for continuous spans.
Alternatively, the effective width may be determined by
accepted analytical methods.

10.41.3.2.2 Theeffectivewidthof thebottomflange
of a box girder shall be determined according to the
provisions of Article 10.39.4.1.

10.41.4 Allowable Stresses

10.41.4.1 Local Bending Stressesin Deck
Plate

The term local bending stresses refers to the stresses
caused in the deck plate asit carries awheel load to the
ribs and beams. The local transverse bending stresses
caused in the deck plate by the specified wheel load plus
30-percent impact shall not exceed 30,000 psi unless a
higher allowable stress is justified by a detailed fatigue
analysis or by applicable fatigue-test results. For deck
configurations in which the spacing of transverse beams
isat least 3timesthe spacing of longitudinal-ribwebs, the
local longitudinal and transverse bending stressesin the
deck plate need not be combined with the other bending
stresses covered in Articles 10.41.4.2 and 10.41.4.3.

* Design Manual for “Orthotropic Steel Plate Deck Bridges,”
AISC, 1963, or “Orthotropic Bridges, Theory and Design,” by
M.S. Troitsky, Lincoln Arc Welding Foundation, 1967.
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10.41.4.2 Bending Stressesin Longitudinal
Ribs

Thetotal bending stressesinlongitudinal ribsdueto a
combination of (1) bending of therib and (2) bending of
the girders may exceed the allowabl e bending stressesin
Article 10.32 by 25 percent. The bending stress due to
each of the two individual modes shall not exceed the
allowable bending stressesin Article 10.32.

10.41.4.3 Bending Stressesin Transverse
Beams

The bending stresses in transverse beams shall not
exceed the allowable bending stressesin Article 10.32.

10.41.4.4 Intersectionsof Ribs, Beams, and
Girders

Connections between ribs and the webs of beams,
holes in the webs of beams to permit passage of ribs,
connections of beams to the webs of girders, and rib
splicesmay affect thefatiguelife of the bridgewhen they
occur in regions of tensile stress. Where applicable, the
number of cycles of maximum stress and the allowable
fatigue stresses given in Article 10.3 shall be applied in
designing these details; elsewhere, a rationa fatigue
analysis shall be made in designing the details. Connec-
tionsbetween websof longitudinal ribsand thedeck plate
shall be designed to sustain the transverse bending fa-
tigue stresses caused in the webs by wheel [oads.

10.41.45 Thicknessof Plate Elements
10.41.45.1 Longitudinal Ribsand Deck Plate

Plate elements comprising longitudinal ribs, and
deck-plate elements between webs of these ribs, shall
meet the minimum thickness requirements of Article
10.35.2. Thequantity f; may betaken as 75 percent of the
sum of the compressive stresses dueto (1) bending of the
rib and (2) bending of the girder, but not less than the
compressive stress due to either of these two individual
bending modes.

10.41.45.2 Girdersand Transverse Beams
Plate elements of box girders, plategirders, and trans-

verse beams shall meet the requirements of Articles
10.34.2 t0 10.34.6 and 10.39.4.

10.41.4.6 Maximum Slender ness of
Longitudinal Ribs

The slenderness, L/r, of alongitudinal rib shall not
exceed the value given by the following formula unless
it can be shown by a detailed analysis that overall buck-
ling of the deck will not occur asaresult of compressive
stress induced by bending of the girders:

L 1,500 2,700f
= =1,000 |[>— - 2 —L .

where:

L = distance between transverse beams (in.)

r = radiusof gyrationabout thehorizontal centroidal
axis of the rib including an effective width of
deck plate (in.)

f = maximum compressive stress in the deck plate
asaresult of the deck acting as the top flange
of the girders; this stress shall be taken as
positive (psi)

Fy = specified minimum yield strength of rib mate-
rial (psi)

10.41.4.7 Diaphragms

Diaphragms, cross frames, or other means shall be
provided at each support to transmit lateral forcesto the
bearings and to resist transverse rotation, displacement,
and distortion. Intermediate diaphragms or cross frames
shall be provided at | ocations consistent with theanal ysis
of the girders. The stiffness and strength of the interme-
diate and support diaphragms or cross frames shall be
consistent with the analysis of the girders.

10.41.4.8 StiffnessRequirements
10.41.4.8.1 Deflections

The deflections of ribs, beams, and girdersdueto live
load plus impact may exceed the limitations in Article
10.6 but preferably shall not exceed /509 Of their span.
Thecalculation of the deflectionsshall be consistent with
the analysis used to calculate the stresses.

To prevent excessive deterioration of the wearing
surface, the deflection of the deck plate due to the
specified wheel 1oad plus 30-percent impact preferably

SectioN 10 STRUCTURAL STEEL 10-83
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shall be less than /3 of the distance between webs of
ribs. Thestiffening effect of thewearing surface shall not
beincludedin cal culating the deflection of thedeck plate.

10.41.4.8.2 Vibrations

The vibrational characteristics of the bridge shall be
considered in arriving at a proper design.

10.41.49 Wearing Surface

A suitablewearing surface shall beadequately bonded
to the top of the deck plate to provide a smooth, nonskid
riding surface and to protect the top of the plate against
corrosion and abrasion. The wearing surface material
shall provide (1) sufficient ductility to accommodate,
without cracking or debonding, expansion and contrac-
tion imposed by the deck plate, (2) sufficient fatigue
strength to withstand flexural cracking dueto deck-plate
deflections, (3) sufficient durability to resist rutting,
shoving, and wearing, (4) imperviousness to water and
motor-vehicle fuels and oils, and (5) resistance to dete-
rioration from deicing salts, oils, gasolines, diesel fuels,
and kerosenes.

10.41.4.10 Closed Ribs

Closed ribswithout accessholesfor inspection, clean-
ing, and painting are permitted. Such ribs shall be sealed
against the entrance of moistureby continuously welding
(2) the rib webs to the deck plate, (2) splicesin theribs,
and (3) diaphragms, or transverse beam webs, to theends
of theribs.

10-84 Section 10 STRUCTURAL STEEL
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Part D
Strength Design Method

Load Factor Design

10.42 SCOPE

L oad factor design isthe preferred method of propor-
tioning structural members for multiples of the design
loads. To ensure serviceability and durability, consider-
ation is given to the control of permanent deformations
under overloads, to the fatigue characteristics under
service loadings, and to the control of live load deflec-
tions under service loadings.

10.43 LOADS

10.43.1 Service live loads are vehicles which may
operate on ahighway legally without special |oad permit.

10.43.2 For design purposes, the service loads are
taken asthe dead, live, and impact loadings described in
Section 3 — Loads.

10.43.3 Overloadsaretheliveloadsthat canbeallowed
on a structure on infrequent occasions without causing
permanent damage. For design purposes, the maximum
overload istaken as 5(L + 1)/3.

10.43.4 Themaximumloadsaretheloadingsspecified
in Article 10.47.

10.44 DESIGN THEORY

10.44.1 Themoments, shearsand other forcesshall be
determined by assuming el astic behavior of the structure
except as modified in Article 10.48.1.3.

10.44.2 The members shall be proportioned by the
methods specifiedin Articles 10.48 through 10.56 so that
their computed maximum strengthsshall beat |east equal
to the total effects of design loads multiplied by their
respective load factors specified in Article 3.2.

10.44.3 Service behavior shall be investigated as
specified in Articles 10.57 through 10.59.

10.45 ASSUMPTIONS

10.45.1 Strainin flexura members shall be assumed
directly proportional tothedistancefromtheneutral axis.

10.45.2 Stressin steel below theyield strength, Fy, of
the grade of steel used shall be taken as 29,000,000 psi
times the steel strain. For strain greater than that
corresponding to theyield strength, Fy, the stressshall be
considered independent of strain and egual to the yield
strength, Fy. This assumption shall apply aso to the
longitudinal reinforcement in the concrete floor slab in
theregion of negativemoment when shear connectorsare
provided to ensure composite action in this region.

10.45.3 At maximum strength the compressive stress

intheconcreteslab of acompositebeam shall beassumed
independent of strain and equal to 0.85 /. .

10.45.4 Tensilestrengthof concreteshall beneglected
in flexural calculations, except as permitted under the
provisions of Articles 10.57.2, 10.58.1 and 10.58.2.

10.46 DESIGN STRESSFOR STRUCTURAL
STEEL

The design stress for structural steel shall be the
specified minimumyield strength, Fy, of the steel used as
set forth in Article 10.2.

10.47 MAXIMUM DESIGN LOADS

The maximum moments, shears or forces to be sus-
tained by a load-carrying member shall be computed
from the formulas shown in Article 3.2. Each part of the
structure shall be proportioned for the group loads that
are applicable and the maximum design required by the
group loading combinations shall be used.

10.48 FLEXURAL MEMBERS

Flexural members are subject to the following re-
quirements in this article in addition to any applicable
reguirementsfrom Articles 10.49 through 10.61 that may
supersede these requirements. The compression-flange
width, b, on fabricated |-shaped girders preferably shall
not be less than 0.2 times the web depth, but in no case
shall it belessthan 0.15 times the web depth. If the area
of the compression flange is less than the area of the
tension flange, the minimum flange width may be based
on 2timesthedepth of thewebin compression rather than

SectioN 10 STRUCTURAL STEEL 10-85
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the web depth. The compression-flange thickness, t,
preferably shall not be less than 1.5 times the web
thickness. The width-to-thickness ratio, b/t, of flanges
subject to tension shall not exceed 24.

10.48.1 Compact Sections

Sections of properly braced constant-depth flexural
members without longitudinal web stiffeners, without
holes in the tension flange and with high resistance to
local buckling qualify as compact sections.

Sections of rolled or fabricated flexural members
meeting the requirements of Article 10.48.1.1 below
shall be considered compact sections and the design
bending strength shall be computed as:

M,=FzZ (10-92)

where:

Fy = specified minimum yield strength of the steel
being used (psi)
Z = plastic section modulus” (in.3)

10.48.1.1 Compact sectionsshall meet thefollow-
ing requirements: (for certainfrequently used steel sthese
requirements are listed in Table 10.48.1.2A).

(8 Compression flange:

S

b _ 4110

U

(10-93)

where:

b = compression flange width (in.)
t = flange thickness (in.)

(b) Web thickness:

* Values for rolled sections are listed in the Manual of Steel
Construction, Ninth Edition, 1989, American Institute of Steel
Construction, Appendix D shows the methods of computing Z as
presented in the Commentary of AlISI Bulletin 15.
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D 19,230
‘. = \/Fy (10-94)
where:

D = clear distance between the flanges (in.)
tw = web thickness (in.)

When both b/t and D/t,, exceed 75% of the above
limits, the following interaction equation shall apply

D (b) < 33,650

— +4.68| —

(10-95)

w

where:

Fy = specified minimum yield strength
of compression flange (psi)

(c) Latera bracing for compression flange:

L, _ [3.6-22(M,/M,)]x10°
r, - F

y

(10-96)

where:

Ly = distance between points of bracing of the com-
pression flange(in.)

ry = radius of gyration of the steel section with
respect to the Y-Y axis (in.)

M1 = smaller moment at the end of the unbraced
length of the member (Ib-in.)

M, = design strength from Equation (10-92) at the
other end of the unbraced length: (M1/My) is
positive when moments cause single curvature
between brace points (Ib-in.). (My/M,) is nega-
tive when moments cause reverse curvature
between brace points.

The required lateral bracing shall be provided by
braces capable of preventing lateral displacement and
twisting of themain membersor by embedment of thetop
and sides of the compression flange in concrete.

(d) Maximum axial compression:

o+ 4+ + o+t
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P£0.15F A (10-97)

where:
A = areaof the cross section (in.2)

Memberswith axial |oadsin excessof 0.15F, Ashould
be designed as beam-columns as specified in Article
10.54.2.

10.48.1.2 Article 10.48.1 is applicable to steels
with a demonstrated ability to reach M,. Steels such as
AASHTO M 270 Grades 36, 50 and 50W (ASTM A 709
Grades 36, 50 and 50W) and ASTM A 709, Grade HPS
70W meet theserequirements. Thelimitationsset forthin
Article 10.48.1 are given in Table 10.48.1.2A.

TABLE 10.48.1.2A Limitations for Compact

Sections
F, (psi) 36,000 | 50,000 | 70,000
b/t 21.6 184 15.0
D/t,, 101 86 70
Lyfr, (MM, = 0) 100 72 51
Lfr, MM, = 1) 39 28 20

For values of M,/M, other than0and 1, use Equation (10-96).

10.48.1.3 Inthedesignof acontinuousbeam with
compact negative-moment support sectionsof AASHTO
M 270 Grade 36, 50 and 50W (ASTM A 709 Grade 36,
50 and 50W) steel complying with the provision of
Article 10.48.1.1, negative moments over such supports
at Overload and Maximum Load determined by elastic
analysis may be reduced by a maximum of 10 percent.
Such reduction shall be accompanied by an increasein
momentsthroughout adjacent spansstatically equival ent
and opposite in sign to the decrease of the negative
moments at the adjacent supports. For example, the
increase in moment at the center of the span shall equal
the average decrease of the moments at the two adjacent
supports. The reduction shall not apply to the negative
moment of acantilever. This10-percent redistribution of
moment shall not apply to compact sectionsof ASTM A
709 Grade HPS 70W or AASHTO M 270, Grade 70W
steel.

10.48.2 Braced Non-Compact Sections

For sections of rolled or fabricated flexural mem-
bers not meeting the requirements of Article 10.48.1.1
but meeting the requirement of Article 10.48.2.1 below,

the design strength shall be computed as the | esser of
Mu=F,S« (10-98)
or
Mu=Fq ScRb (10-99)

subject to the requirement of Article 10.48.2.1 (c) where

m

t .2
%,400-2 £ F,
4]

or= 84,400 b

compression flange width (in.)

compression flange thickness (in.)

elastic section modulus with respect to tension

flange (in.3)

S = elastic section modulus with respect to com-
pression flange (in.3)

R, = flange-stress reduction factor determined from
the provisions of Article 10.48.4.1, withf,sub-
stituted for theterm M,/S,; when Equation (10-
103b) applies

f, = factoredbendingstressinthecompressionflange

(psi), but not to exceed Fy

é/)""c'

10.48.2.1 The above equations are applicableto
sections meeting thefollowing requirements:
(a) Compressionflange:

b
T £24 (10-100)

(b) Webthickness:

The web thickness shall not exceed the requirement
given by Equation (10-104) or Equation (10-109), as
applicable, subject tothecorresponding requirementsas
shown in Table 10.48.5A of Article 10.49.2 or 10.49.3.
For unstiffened web, the web thickness shall not be less
than D/150.

Section 10 StrRucTURAL STEEL 10-87
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(c) Spacing of lateral bracing for compression
flange:

20,000,000 4,

P RS —

ST Fa (10-101)

where:

d = depth of beam or girder (in.)
As = flange area (in.2)

If Equation (10-101) is not satisfied, M, cal cu-
lated from Equation (10-99) shall not exceed M,
calculated from the provisions of Article 10.48.4.1

(d) Maximum axial compression:

P<0.15F 4 (10-102)

Memberswithaxial loadsin excessof 0.15F, Ashould
be designed as beam-columns as specified in Article
10.54.2.

TABLE 10.48.2.1A Limitationsfor Braced Non-
Compact Sections

F_(psi) | 36,000 [ 50,000 | 70,000 [ 90,000 | 100,000
blt* 232 19.7 16.6 14.7 13.9
L,d
—_ 556 400 286 222 200
4,

Refer to Articles 10.48.5.1, 10.48.6.1, 10.49.2

Dit, or 10.49.3, as applicable. For unstiffened webs, the

limit is 150.

* Limits shown are for Fer = Fy. Refer also to article
10.48.2.1(a)

10.48.2.2 The limitations set forth in Article
10.48.2.1 above are given Table 10.48.2.1A .

10.48.3 Transitions

The design strength of sections with geometric prop-
erties falling between the limits of Articles 10.48.1 and
10.48.2 may be computed by straight-line interpolation,
except that the web thickness must always satisfy Article
10.48.1.1(b).
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10.48.4 Partially Braced Sections

Members not meeting the lateral bracing requirement
of Article 10.48.2.1(c) shall be braced at discrete loca-
tions spaced at adistance, Ly, such that the design bend-
ing strength of the section under consideration satisfies
the requirements of Article 10.48.4.1. Bracing shall be
provided such that |ateral deflection of the compression
flange is restrained and the entire section is restrained
against twisting.

10.48.4.1 If thelateral bracing requirement of Ar-
ticle 10.48.2.1(c) is not satisfied and the ratio of the
moment of inertia of the compression flange to the
moment of i nertiaof the member about thevertical axis
of the web, Iyc/ly, iswithin the limitsof 0.1 < lyd/ly
0.9, the design bending strength for the limit state of
lateral-torsional buckling shall be computed as:

(10-1033)

R, = 1for longitudinally stiffened girdersif the web
slenderness satisfiesthefollowing requirement:

D <5460 \/7
tW f;)

where:

2 2
o ds04 k= s17 (ej 29[2)
D d D

s c

for

ds = distancefromthecenterlineof aplatelongitudi-
nal stiffener or the gageline of an anglelongitu-
dinal stiffener to the inner surface or the leg of
the compression flange component (in.)

f, = factored bending stress in compression flange

(psi)

Otherwise, for girders with or without longitudinal
stiffeners, Ry shall be calculated as
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€ u

= e u

(04 P

R =1- 0002822 | _iigqg

Afc g?tw Mr L,J

e u

é Sc G

(10-103b)

D. = depth of web in compression (in.). For com-
posite beams and girders, D, shall be calcu-
lated in accordancewiththe provisions speci-
fied in Article 10.50(b).

tw = thickness of web (in.)

A = areaof compression flange (in.2)

M; = lateral torsional buckling moment defined be-
low (Ib.-in.)

S = section modulus with respect to compression
flange (in.3). Use S,; for live load for a com-
positesection

= 15,400 for all sectionswhereD.islessthan or
equal tob/,
= 12,500 forsections where D isgreater thanb/,

D, . |

Forsectionswitht_E‘ [F_ orwithlongitudinally stiff-
w y
ened webs:

.2

M, = a1’ 106cb§d—y°$ 072 L +98782 £ wm,
Lb ch Lb
(10-103¢)
|__D,
For sections with JE T
y W
forly £ L,
M =My (10-103d)
| 9500r
= (10-103d1)

forl; 3 Lp>L,

¢ el,- L, &
M, = GFS.d - 05 4 E M,
g L- L
(10-103¢)

a2 “10°1 43"
o

L = 10-103f
& hs. (10103
for L > L,
FS o 6
M, =C——g—= £M, (10-103g)
2 &Ly
where:

L, = unbracedlengthof thecompressionflange (in.)

L, = limiting unbraced length for the yield moment
capacity (in.)

L, = limiting unbraced length for elastic lateral tor-

sional buckling moment capacity (in.)

r' = radiusof gyration of compression flange about
the vertical axisin the plane of the web (in)

lyc = moment of inertiaof compression flange about
the vertical axisin the plane of theweb (in4)

d = depth of girder (in.)

[ot*), +(bt®) + D1
= 3 where b and t represent

the flange width and the thickness of the com-
pression and tension flange, respectively (in.4)

C = 125M
® 25M,, +3M,+4M, +3M,
where:
Mmax = absolutevalue of maximum momentin the

unbraced beam segment (1b-in.)
Ma = absolutevalueof moment at quarter point of
the unbraced beam segment (Ib-in.)
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Mg = absoluteval ue of moment at midpoint of the

unbraced beam segment (Ib-in.)

M¢ = absolute value of moment at three- quarter
point of the unbraced segment (Ib-in.)
Co = 1.0 for unbraced cantilevers and for mem-

bers where the moment within a significant
portion of the unbraced segment is greater
than or equal tothelarger of the segment end
moments.a

The compression flange shall satisfy the requirement
of Article 19.48.2.1(a). The web thickness shall not
exceed the requirement given by Equation (10-104) or
Equation (10-109), as applicable, subject to the corre-
sponding requirements of Articles 10.49.2 or 10.49.3.
For unstiifened web, the web thickness shall not be less
than D/150.

10.48.4.2 Members with axial loads in excess of

0.15 Fy A should be designed as beam-columns as speci-
fied in Article 10.54.2.

10.48.5 Transversely Stiffened Girders

10.48.5.1 For girders not meeting the shear re-
quirementsof Article 10.48.8.1 (Equation 10-113) trans-
versestiffenersarerequired for theweb. For girderswith
transverse stiffeners but without longitudinal stiffeners
the width-thickness ratio (D/t,) of the web shall not
exceed the limiting values specified in Table 10.48.5A
subject to the web thickness requirement of Article
10.49.2. If the web slenderness D/t,, exceeds the upper
limit, either the section shall be modified to comply with
the limit, or alongitudinal stiffener shall be provided.

10.48.5.2 The design bending strength of trans-
versely stiffened girders meeting the requirements of
Article 10.48.5.1 shall be computed by Articles 10.48.1,
10.48.2,10.48.4.1, 10.50, 10.51, or 10.53, asapplicable,
subject to the requirements of Article 10.48.8.2.

TABLE 10.48.5A Limiting Width-Thickness Ratios for Web Plates and Stiffeners
Width- Limiting . L\l)\‘;lfi?ﬁg
Description of Component Thickness Width-Thickness v, .
. . (psi) Thickness
Ratio Ratio .
Ratios
36,000 192
With transverse 36,500 50,000 163
stiffeners onl (10-104) 70,000 138
Y vE 90,000 122
Web 100,000 115
Plet Dit,,
ates 36,000 385
With transverse 3,000 50,000 326
stiffeners and one 73000 (10-109)|  70,000] 276
longitudinal stiffener VE, 90,000 243
100,000 231
o 2,600
Longitudinal >
stiffeners JE, ) (10-144)
Stiffeners bt
Transverse stiffeners 16 (10-105)

b' = width of flange plate or width of outstanding element of web stiffeners (in.)

D = clear distance between flanges (in.)

Fy = specified minimum yield strength of the component under consideration (psi)

ts = web stiffener outstanding element thickness (in.)
tw = web plate thickness (in.)

aFor the use of larger Cp values, see Structural Stability Research Council Guide to Stability Design Criteriafor Metal Structures,

4th Ed., pg. 157.
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10.48.5.3 Theshear capacity of transversely stiff-
ened girders shall be computed by Article 10.48.8. The
width-to-thickness ratio (b'/ts) of transverse stiffeners
shall not exceed the limiting values specified in Table
10.48.5A.

The gross cross-sectional area of intermediate trans-
verse stiffeners, A (in.2) shall meet thefollowing require-
ment:

D F

é .
As 01582 (1- )L 1gy w2
é tw Vu 4] a Fcr
(10-1064a)
where:
9,025,000
Fcr = TE Fystiffener
ke (10-106b)
ks
b¢ = projecting width of the stiffener (in.)
ts = thickness of the stiffener (in.)
Fyweh = specified minimum yield strength of the
web (psi)
Fysiiffener = SPecified minimum yield strength of the
stiffener (psi)
B = 1.0forstiffener pairs, 1.8for singleangles,
and 2.4 for single plates;
C = constant computed by Article 10.48.8.1.

When values computed by Equation (10-106a) ap-
proach zero or are negative, then transverse stiffeners
need only meet the requirements of Equations (10-107),
(10-105) and Article 10.34.4.10.

The moment of inertia of transverse stiffeners with
reference to the plane defined below shall meet the
following requirement:

13 dtJ (10-107)
where;
& ¢
J=25c—=-2305 (10-108)
do g

d, = distance between transverse stiffeners

When stiffeners are in pairs, the moment of inertia
shall betaken about the centerlineof theweb plate. When
single stiffeners are used, the moment of inertiashall be
taken about the facein contact with the web plate.

Transverseintermediate stiffeners shall be preferably
fitted tightly to the tension flange. If the intermediate
stiffener isused for attaching acrossframeor diaphragm,
apositiveconnectionusing either boltsor weldsmust be
madetothetensionflange. Thedistancebetweentheend
of thevertical weld on the stiffener to the web-to-flange
weld shall be4t,, but notlessthan 11/, inches. Transverse
stiffeners provided only on one side of the web must be
weldedtothecompressionflangeandfittedtightly tothe
tension flange for the stiffener to be effective. Stiffener
properties shall be as covered in Article 10.34.4.10.
10.48.6  Longitudinally Stiffened Girders

10.48.6.1 Longitudinal stiffenersshall berequired
on symmetrical girders when the web thickness is less
than that specified by Article 10.48.5.1 and shall be
placed at a distance D/5 from the inner surface of the
compression flange.

The width-thickness ratio (D/t,) of the web of plate
girders with transverse stiffeners and one longitudinal
stiffener shall not exceedthelimiting valuesspecifiedin
Table 10.48.5A.

Singly symmetric girders are subject to the require-
ments of Article 10.49.3

10.48.6.2 Thedesignbendingstrength of longitu-
dinal stiffened girders meeting the requirements of Ar-
ticle 10.48.6.1 shall be computed by Articles 10.48.2,
10.48.4.1,10.50.1.2,10.50.2.2, 10.51, or 10.53 asappli-
cable, subject to the requirements of Article 10.48.8.2.

10.48.6.3 The shear capacity of girders with one
longitudinal stiffener shall becomputed by Article10.48.8.

The dimensions of the longitudinal stiffener shall be
such that:

(a) thewidth-to-thickness ratio meets the require-
ment given in Table 10.48.5A. The factored bending
stressinthelongitudinal stiffener isnot greater than the
yield strength of thelongitudinal stiffener.

(b) themoment of inertia of the stiffener meetsthe
following requirement:
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2
1> Dti |:24(%) —0.13:| (10-110)

(c) theradiusof gyration of the stiffener meetsthe
following requirement:

r>d"\/Fy

23,000

(10-111)

Incomputing | and r values above, acentrally located
web strip not morethan 18t,,in width shall be considered
asapart of thelongitudinal stiffener. Transverse stiffen-
ersfor girder panelswith longitudinal stiffenersshall be
designed according to Article 10.48.5.3. In addition, the
section modulusof thetransverse stiffener shall meet the
following requirement:

(10-112)

where:

D = total panel depth (clear distance between flange
components) (in.)

S = section modulus of the longitudinal stiffener.
(in3.)

10.48.7 Bearing Stiffeners

Bearing stiffeners shall be designed for beams and
girders as specified in Articles 10.33.2 and 10.34.6.

Axial compression strength shall be computed as speci-
fied in Article 10.54.1. Bearing strength shall be taken at
1.35Fy times the bearing area of bearing stiffners.

10.48.8 Shear

10.48.8.1 The shear capacity of webs of rolled or
fabricatedflexural membersshall becomputed asfollows:

For unstiffened webs, the design shear strength shall
be limited to the plastic or buckling shear strength as
follows:

Vy=CV, (10-113)
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For stiffened web panels complying with the provi-
sions of Article 10.48.8.3, the shear capacity shall be
determined by including post-buckling resistance due to
tension-field action as follows:

V.=V |C
(10-114)

V, is equal to the plastic shear strength and is deter- +

mined as follows:

Vp = 0.58 F,Dty, (10-115)

The constant C is equal to the buckling shear stress
divided by the shear yield stress, and is determined as
follows:

D _ 6000k
for t \/Fy
C=10

6,000k _ D _ 7500~k

for \/Fy 6 \/Fy

co 6,000k
D )
(t) JE, (10-116)
D _ 17500vk
for t \/Fy
]
C= 4.5><120 k
(DJ F (10-117)
tW g
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where the buckling coefficient,k=5+5/(do/D)?, except
k shall be taken as 5 for unstiffened beams and girders.

D = clear, unsupporteddistancebetweenflangecom-
ponents (in.)

d, = distance between transverse stiffeners (in.)

Fy = specified minimum yield strength of the web

plate (psi)

10.48.8.2 If agirder panel is controlled by Equa-
tion (10-114) andissubjectedtothesimultaneousaction
of shear and bending moment with the magnitude of the
moment greater than 0.75 My, the shear shall meet the
following requirement:

A6M 0
M, ;

i£ 22 -
\Y

u

Q-0

(10-118)

If agirder panel adjacent to acomposite noncompact
section is controlled by Equation (10-114) and is sub-
jected to the simultaneous action of shear and bending
moment with the magnitude of factored bending stressfs
greater than 0.75F,, the shear shall meet the following
requirement:

% a.6f.6
v £ 22 - F - (10-118a)

where:

fs = factored bending stressin either the top or bot-
tomflange, whichever flangehasthelarger ratio
of (fs/Fum)

Fum =maximum bending strength of either thetop or
bottom flange, whichever flange has the larger
ratio of (fs/Fum)

10.48.8.3 Where transverse intermediate stiffen-
ersarerequired, transverse stiffeners shall be spaced at a
distance, d,, according to shear capacity as specified in
Article 10.48.8.1, but not more than 3. Transverse
stiffenersmay be omitted in those portionsof thegirders
where the maximum shear force is less than the value
givenby Article10.48.8.1 Equation (10-113), subject to
the handling requirements bel ow.

Transversestiffenersshall berequiredif D/t isgreater
than 150. The spacing of thesestiffenersshall not exceed

. 2

. . € 260 U

the handling requirement De—AD/t a.
e¥wi

For longitudinally stiffened girders, transverse stiff-
eners shall be spaced a distance, do, according to shear
capacity as specified in Article 10.48.8.1, but not more
than 1.5 timesthe web depth. The handling requirement
given above shall not apply to longitudinally stiffened
girders. Thetotal web depthD shall beused in determin-
ing the shear capacity of longitudinally stiffened girders
inArticle10.48.8.1 and in Equation (10-119).

Thefirst stiffener space at the simple support end of a
transversely or longitudinally stiffened girder shall be
such that the shear forceintheend panel will not exceed
the plastic or buckling shear strength given by the
following eguation:

Vu=CV, (10-119)

For transversely stiffened girders, the maximum spac-
ing of the first transverse stiffener is limited to 1.5D.

1049 FLEXURAL MEMBERSWITH
SINGLY SYMMETRICSECTIONS

10.49.1 General

For sections symmetric about the vertical axis but
unsymmetric with respect to the horizontal centroidal
axis, the provisions of Articles 10.48.1 through 10.48.4
shall beapplicable.

10.49.2 Transversely Stiffened Sections

Girders with transverse stiffeners shall be designed
and evaluated by theprovisionsof Article10.48.5except
that when D, the clear distance between the neutral axis
and the compression flange, exceeds D/2 the web thick-
ness, ty,, shall meet the requirement:

D, , 18250

t,  F

If the web slenderness DJ/t,, exceeds the upper limit,
either the section shall be modified to comply with the
limit, or alongitudinal stiffener shall be provided.

(10-120)
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10.49.3 Longitudinally Stiffened Sections

10.49.3.1 Longitudinal stiffenersshall berequired
on singly symmetric sections when the web thickness
does not meet the requirement specified by Articles
10.48.5.1 or 10.49.2.

10.49.3.2 For girders with one longitudinal stiff-
ener and transverse stiffeners, the provisions of Article
10.48.6 for symmetrical sections shall be applicable in
addition to the following:

(a) The optimum distance, ds, of a plate longitudinal
stiffener or the gage line of an anglelongitudinal
stiffener from the inner surface or the leg of the
compression flange component is D/5 for asym-
metrical girder. The optimum distance, ds, for a
singly symmetric composite girder in positive-
moment regions may be determined from the
equation given below:

J . (10-121)

R—

DCS 1+1 5 fDL+LL
f DL

depth of theweb in compression of the non-
composite steel beam or girder (in.)

foo = non-composite dead-load stressin the com-
pression flange (psi)

total non-composite and composite dead
load plus the composite live-load stress in
compression flange at the most highly
stressed section of the web (psi)

where:

Des =

foL+LL

The optimum distance ds, of the stiffener in negative-
moment regionsof composite sectionsis2D¢/5, where D
is the depth of the web in compression of the composite
section at the most highly stressed section of the web.

(b) When D exceedsD/2, theweb thickness, t, shall
meet the requirement:

D, _ 36500

(10-122)
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10.49.4 Braced Non-Compact Sections

Singly symmetric braced non-compact sections of
rolled or fabricated flexural members shall be designed
and evaluated by the provisions of Article 10.48.2.

10.49.5 Partially Braced Sections

The design strength of singly symmetric sections
meetingall requirementsof Article10.48.2.1, except for the
lateral bracing requirement given by Equation (10-101),
shal be computed as the lesser of M, calculated from
Equation (10-98) or M,, calculated from Equation (10-99),
with My, calculated from Equation (10-99) not to exceed My,
calculated from the provisions of Article 10.48.4.1.

10.50 COMPOSITE SECTIONS

Composite sections shall be so proportioned that the
following criteria are satisfied:

(8 The design strength of any section shall not be
lessthan the sum of the computed momentsat that
sectionmultiplied by theappropriateload factors.

(b) Theweb of the steel section shall be designed to
carry thetotal external shear and must satisfy the
applicableprovisionsof Articles10.48and 10.49.
Thevalueof D shall betaken astheclear distance
between the neutral axis and the compression
flange. In positive-moment regions, the value of
D, shall be calculated by summing the stresses
due to the appropriate loadings acting on the
respective cross sections supporting the loading.
Thedepth of webin compression, D, in compos-
ite section subjected to negative bending may be
taken asthe depth of the web in compression of the
composite section without summing the stresses
fromthevariousstagesof loading. Theweb depthin
compression, Dg, of sections meeting the web
compactness and ductility requirements of Article
10.50.1.1.2 under the maximum design loads shall
be calculated from the full plastic section ignoring
thesequenceof load application. Girderswithaweb
dendernessexceedingthelimitsof Article10.48.5.1
or 10.49.2 shall either be modified to comply with
theselimitsor else shall be stiffened by onelongitu-
dinal stiffener.

+
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(c) Themoment capacity at first yield shall be com-
puted consideringtheapplication of thedead and
liveloadsto the steel and composite sections.

(d) steel beam or girder shall satisfy the
constructibility requirementsof Article 10.61.

(e) Thestressinthetop flange of acomposite girder
shall be limited to 0.6F, under dead load if no
calculations are made for the construction load-
ing stage of theconcretedeck. Theconcretedeck
isassumed to be placed instantaneously.

10.50.1 PositiveMoment Sections
10.50.1.1 Compact Sections

The design strength, My, of compact composite sec-
tions in positive-moment regions shall be computed in
accordancewith Article10.50.1.1.2. Thesteel shall have
the demonstrated ability to reach M. Steel such as
AASHTO M 270 Grades 26, 50 and 50W (ASTM A 709
Grades 36, 50 and 50W), and ASTM A 709 Grade HPS
70W meet these requirements.

10.50.1.1.1 Theresultant moment of thefully plas-
tic stressdistribution (Figure 10.50A) may be computed
asfollows:

(a) Thecompressiveforceintheslab, C, isequal to
the smallest of thevaluesgiven by thefollowing

Equations:
(1) C =085f bt + (AF,) (10-123)
(2) C = (AR + (AR + (AFy)w  (10-124)
where:

b = effectivewidth of slab specifiedin Article
38.3 (in.)

ts = theslab thickness (in.)

(AFy)c = product of the area and yield strength of
that part of reinforcement whichliesinthe
compression zone of the slab (1b.)

(AFy)ps = product of areaand yield strength for bot-
tomflangeof steel section (includingcover
plateif any) (Ib.)

(AFy)s = product of areaand yield strength for top
flange of steel section (Ib.)

(AFy)y = product of areaand yield strength for web

of steel section (Ib.)

(b) Thedepthof thestressblockiscomputedfromthe
compressive forcein the slab.

_C- (AR),

0851 b (10-125)

(¢) When the compressive force in the slab is less
than the value given by Equation (10-124), the
top portionof thesteel sectionwill besubjectedto
the following compressive force:

é. (AFy)' C
2

Ce= (10-126)

where:

(AFy) = product of theareaand yield strength of steel
girder section (Ib.)

(d) Thelocation of the neutral axis within the steel
section measured fromthetop of the steel section
may be determined as follows:

for C' < (AFy)s

(10-127)

y= (AF ) b

for C' 3 (AR

Ct- (AF))
+ —(ﬁ)y—“D (10-128)

Yiw

(e) Theplastic moment capacity, M, of thesectionin
bendingisthefirst moment of all forcesabout the
neutral axis, takingall forcesand moment armsas
positivequantities.
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FIGURE 10.50A Plastic Stress Distribution

10.50.1.1.2 Composite sections of constant-depth
membersin positive-moment regions without longitudi-
nal web stiffenersand without holesin thetension flange
shall qualify ascompact when theweb of the steel section
satisfies the following requirement:

2D, _ 19230

t, \/Fy

(10-129)

where:

D¢ = depth of the web in compression at the plastic
moment cal culated in accordancewith Article
10.50.1.1.1 (in.)

tw = web thickness (in.)

Equation (10-129) issatisfied if the neutral axisat the
plastic moment is located above the web; Otherwise D¢,
shall becomputedas y from Equation (10-128) minus

Also, the distance from the top of slab to the neutral
&is at the plastic moment, Dy, shall satisfy:

(10-1293)

where:

. (d+t;+1,)
D =# 7.5
B =0.9for Fy=36,000 psi

= 0.7 for Fy = 50,000 psi and 70,000 psi
d = depth of the steel beam or girder (in.)
ts = thickness of the slab (in.)
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thn = thickness of the concrete haunch above the
beam or girder top flange (in.)

Equation (10-129a) need not be checked for sections
where the maximum flange stress does not exceed the
specified minimum flange yield strength.

The design bending strength, M, of compact compos-
ite sections in simple spans or in the positive-moment
regions of continuous spans with compact non-compos-
ite or composite negative-moment pier sections shall be
taken as:

for D, < D'

M, =M

u P

(10-129b)

for D'< D, < 5D’

M- SM,—-085M, +0.85My -M,(D,
! 4 4 D'
(10-129c)
where:

Mp = plastic moment capacity of the composite posi-
tive moment section calculated in accordance
with Article 10.50.1.1.1 (Ib-in.)

My = moment capacity ét first yield of the composite
moment section calcul ated as Fy times the sec-
tion modulus with respect to the tension flange
(Ib-in.). The modular ratio, n, shall be used to
compute the transformed section properties.

In continuous spanswith compact compositepositive-
moment sections, but with noncompact noncomposite or
composite negative-moment pier sections, the maximum
bending strength, M,,, of the composite positive-moment
sections shall be taken as either the moment capacity at the
first yield determined as specified in Article 10.50(c), or as:

My=M, +AM,y- MJye  (10-129d)

where:

+

+

+
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the moment at first yield of the com-
pact positive moment section calcu-
lated in accordance with Article
10.50(c) (Ib-in.)

moment capacity of noncompact sec-
tion at the pier, M, given by Article
10.48.2 or Article 10.48.4, minus the
elastic moment at the pier, Mg, for the
loading producing maximum positive
bending in the span. Use the smaller
value of the differencefor thetwo pier
sections for interior spans (1b-in.)

1 for interior spans

distancefrom end support totheloca-
tion of maximum positive moment
divided by the span length for end
spans.

(My - Ms)pier =

M, computed from Equation (10-129d) shall not ex-
ceed the applicable value of M, computed from either
Equation (10-129b) or Equation (10-129c).

For continuous spans where the maximum bending
strength of the positive-moment sections is determined
from Equation (10-129d), the maximum positive mo-
ment in the span shall not exceed My, for the loading
which produces the maximum negative moment at the
adjacent pier(s).

For composite sections in positive-moment regions
not satisfying the requirements of Equation (10-129) or
Equation (10-129a), or of variable-depth members or
with longitudinal web stiffeners, or with holes in the
tension flange, the design bending strength shall be
determined as specified in Article 10.50.1.2.

10.50.1.2 Non-Compact Sections

10.50.1.2.1  When the steel section does not satisfy
the compactness requirements of Article 10.50.1.1.2, the
sum of bending stresses due to the appropriate loadings
acting on the respective cross sections supporting the load-
ingsshall not exceed Fy for thetension flange, and FyRyfor
compression flange, where R, istheflange-stressreduction
factor determined from the provisions of Article 10.48.4.1.
When R, isdetermined from Equation (10-103b), f, shall be
substituted for the term M,/S,. and Ag; shall be taken asthe
effective combined transformed area of the top flange and
concrete deck that yields D, calculated in accordance with
Article10.50(b). f, isequal tothefactored bending stressin
the compression flange (psi), but not to exceed Fy. The
resulting R, factor shall bedistributed to thetop flangeand

concretedeck in proportiontotheir relativestiffness. The
provisions of Article 10.48.2.1(b) shall apply.

10.50.1.2.2 Whenthegirdersarenot providedwith
temporary supports during the placing of dead loads, the
sum of the stresses produced by 1.30Mgp acting on the
steel girder alone with 1.30M, and the appropriate
factored live loading according to Table 3.22.1A acting
on the composite girder shall not exceed yield strength at
any point, where Mgp and Mp arethe moments caused by
the dead load acting on the steel girder and composite
girder, respectively.

10.50.1.2.3 When the girders are provided with
effectiveintermediatesupportsthat arekept in placeuntil
theconcretehasattained 75 percent of itsrequired 28-day
strength, stressesproduced by thefactored dead |oad plus
live loading, acting on the composite girder, shall not
exceed yield strength at any point.

10.50.2 Negative Moment Sections

Thedesign strength of composite sectionsin negative
moment regions shall be computed in accordance with
Articles 10.50.2.1 or 10.50.2.2, as applicable. It shall be
assumed that the concrete slab does not carry tensile
forces. In caseswhere the slab reinforcement is continu-
ous over interior supports, the reinforcement may be
considered to act compositely with the steel section.

10.50.2.1 Compact Sections

Composite sections of constant-depth memberswith-
out longitudinal web stiffeners and without holesin the
tension flange in negative bending qualify as compact
whentheir steel section meetstherequirementsof Article
10.48.1.1, and has the demonstrated ability to reach Mp.
Steels such as AASHTO M 270 Grade 26, 50 and 50W
(ASTM A 709, Grade 36, 50 and 50W), and ASTM A 709
Grade HPS 70W meet these requirements. M, shall be
computed as the resultant moment of the fully plastic
stress distribution acting on the section including any
composite slab reinforcement.

If thedistancefromtheneutral axistothecompression
flange exceeds D/2, the compact section requirements
given by Equation (10-94) and (10-95) must be modified
by replacing D with the quantity 2D¢p, where Dgp is the
depth of the web in compression at the plastic moment.
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10.50.2.2 Non-Compact Sections

When the steel section does not satisfy the compact-
ness requirements of Article 10.50.2.1, but does satisfy
the requirement of Article 10.48.2.1, the sum of bending
stresses due to the appropriate loadings acting on the
respective cross sections supporting the loadings shall
not exceed Fy for the tension flange, and FR, for
compressionflange, where F, isthecritical compression
flange stress specified in Article 10.48.2 and R, is the
flange-stressreduction factor determined from the provi-
sions of Article 10.48.4.1. When R, is determined from
Equation (10-103b), f, shall be substituted for theterm
M; /S¢. fisequal to the factored bending stressin the
compression flange (psi), but not to exceed Fy. When all
requirementsof Article10.48.2.1 aresatisfied, except for
lateral bracing requirement given by Equation (10-101),
the design strength of the compression flange shall be
takento be F¢ Ry, but not to exceed M, /S, where M, and
S are determined according to the provisions of Article
10.48.4.1.

10.50.2.3 The minimum longitudinal reinforce-
ment including the longitudinal distribution reinforce-
ment must equal or exceed 1 percent of the cross-sec-
tional areaof the concrete slab whenever thelongitudinal
tensilestressintheconcreteslab duetoeither thefactored
construction loads or the overload specified in Article
10.57 exceeds 0.9, where f, is the modulus of rupture
specified in Article 8.15.2.1.1. The area of concrete slab
shall be taken equal to the structural thickness timesthe
entire width of the bridge deck. The required reinforce-
ment shall be No. 6 bars or smaller spaced at not more
than 12 inches. Two-thirdsof thisrequired reinforcement
isto be placed in the top layer of the slab. Placement of
distribution steel asspecifiedinArticle3.24.10iswaived.

10.50.2.4  When shear connectorsareomitted from
the negative moment region, the longitudinal reinforce-
ment shall be extended into the positive moment region
beyond the anchorage connectors at least 40 times the
reinforcement diameter.

10.51 COMPOSITE BOX GIRDERS

This section pertains to the design of simple and
continuous bridges of moderate length supported by two
or more single-cell composite box girders. The distance

* For information regarding the design of long-span steel box
girder bridge, Report No. FHWA-TS-80-205, “ Proposed Design
Specificationsfor Steel Box Girder Bridges’ isavailable from the
Federal Highway Administration.
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center-to-center of the flanges of adjacent boxes shall be
not greater than 1.2 times and not less than 0.8 times the
distance center-to-center of the flanges of each box. In
addition to the above, when nonparallel girders are used
the distance center-to-center of adjacent flanges at sup-
portsshall benot greater than 1.35 timesand not lessthan
0.65 times the distance center-to-center of the flanges of
each box. The cantilever overhang of the deck slab,
including curbsand parapet, shall belimitedto 60 percent
of the distance between the centers of adjacent top steel
flangesof adjacent box girders, butinno casegreater than
6 feet.

10.51.1 Design Bending Strength

The design bending strength of box girders shall be
determined according to the applicable provisions of
Articles 10.48, 10.49, and 10.50. In addition, the design
strength of the negative moment sectionsshall belimited

by:
My =F4S (10-130)
where:

Fer = critical stressof the bottom flange plateasgiven
in Article 10.51.5 (psi)

10.51.2 LiveLoad Moment Distribution

The live load bending moment for each box girder
shall be determined in accordance with Article 10.39.2.

10.51.3 Web Plates

Thedesign shear V,, for aweb shall becal culated using
the following equation:

(10-131)

where:

V = one-half of thetotal vertical shear force on one
box girder (Ib.)

6 = angle of inclination of the web plate to the
vertical

The inclination of the web plates to the vertical shall
not exceed 1 to 4.

+
+
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10.51.4 Tension Flanges

BRIDGE DESIGN SpeciFicAaTIONS ® FEBRUARY 2004

In the case of simply supported spans, the bottom
flange shall be considered fully effective in resisting
bending if its width does not exceed one-fifth the span
length. If the flange plate width exceeds one-fifth of the
span, only an amount equal to one-fifth of the span shall
be considered effective.

For continuous spans, the requirementsabove shall be
applied to the distance between points of contraflexure.

10.51.5 Compression Flanges

critical stress, F , shall be computed as:

for

for

for

10.51.5.1 Forunstiffened compressionflanges, the

where:

b _ 6140
F‘CV = F)/
6140 _b _ 13300

(10-132)

(10-132a)

(10-133)

. CT
F = 0.592Fy(1 +0.687sm2) (10-134)

b
13,300 — —,/F,
=117

7,160

2
F,= 105(tj x10°
b

(10-135)

(10-136)

(10-137)

b
t

= flange width between webs (in.)
= flange thickness (in.)

10.51.5.2 Deleted

10.51.5.3 Deleted

10.51.54

If longitudinal stiffeners are used, they

shall be equally spaced across the flange width and shall
be proportioned so that the moment of inertia of each
stiffener about an axis parallel to the flange and at the
base of the stiffener meet the following requirement:

for

for

where:

@
@
w

=~

I.>2¢t'w (10-138)

= 0.07 k®n*when n equals 2, 3, 4, or 5;

= 0.125 k3 when n equals 1;

width of flange between longitudinal stiffeners
or distance from aweb to the nearest longitudi-
nal stiffener (in.)

number of longitudinal stiffeners;

= buckling coefficient which shall not exceed 4.

10.51.5.4.1 For longitudinally stiffened flanges,
the critical stress, F , shall be computed as:

SectioN 10 STRUCTURAL STEEL

w _ 3070k
P \/Fy (10-139)
E, =F, (10-139)
3070Vk _w _ 66507k
ST ST (10-140)

o

. CT
F = 0.592Fy(1 +0.687sm2) (10-141)

w
) 6.650Vk = " \JF,
3,580

(10-1414a)

10-99
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b 6650Jk
for : ﬁFy (10-142)
P 2
E,:zé.zk(j x10° (10-143)
w

10.51.5.4.2 Deleted
10.51.5.4.3 Deleted

10.51.5.4.4 When longitudinal stiffenersare used,
it is preferable to have at least one transverse stiffener
placed near the point of dead load contraflexure. The
stiffener should have asize equal to that of alongitudinal
stiffener. The number of longitudinal stiffeners prefer-
ably shall not exceed 2. If the number of longitudinal
stiffeners exceeds 2, then the use of additional transverse
stiffeners shall be considered.

10.51.5.5 Thewidth-to-thicknessratio of any out-
standing element of the flange stiffeners shall not exceed
the limiting values specified in Table 10.48.5A.

10.51.5.6 Compression flanges shall also satisfy
the provisions of Article 10.51.4. The effective flange
plate width shall be used to calcul ate the factored flange
bending stress. The full flange plate width shall be used
to calculate the buckling stress of the flange.

10.51.6 Diaphragms

Diaphragms, cross-frames, or other means shall be
provided within the box girders at each support to resist
transverse rotation, displacement, and distortion.

Intermediate diaphragms or cross-frames are not re-
quired for box girder bridges designed in accordance
with this specification.

10.51.7 Flangeto Web Welds

Thetotal effective thickness of the web-flange welds
shall not be less than the thickness of the web, except,
when two or more interior intermediate diaphragms per
span are provided, the minimum size fillet welds speci-
fied in Article 10.23.2.2 may be used. Regardless of the
typeweld used, welds shall be deposited on both sides of
the connecting flange or web plate.
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10.52 SHEAR CONNECTORS
10.52.1 General

The horizontal shear at the interface between the
concrete slab and the steel girder shall be provided for by
mechanical shear connectors throughout the simple
spans and the positive moment regions of continuous
spans. In the negative moment regions, shear connectors
shall be provided whenthereinforcing steel embeddedin
theconcreteisconsidered apart of thecomposite section.
In case thereinforcing steel embedded in the concreteis
not considered in computing section properties of nega-
tive moment sections, shear connectors need not be
provided in these portions of the span, but additional
connectors shall be placed in the region of the points of
dead load contraflexure as specified in Article
10.38.5.1.3.

10.52.2 Number of Connectors

The number of shear connectors shall be determined
in accordance with Article 10.38.5.1.2 and checked for
fatigue in accordance with Articles 10.38.5.1.1 and
10.38.5.1.3.

10.52.3 Maximum Spacing

Themaximum pitch shall not exceed 24 inches except
over the interior supports of continuous beams where
wider spacing may be used to avoid placing connectorsat
locations of high stresses in the tension flange.

10.53 HYBRID GIRDERS

This section pertains to the design of girders that
utilizealower strength steel intheweb thaninoneor both
of theflanges. It appliesto composite and non-composite
plate girders and to composite box girders. At any cross
section where the bending stress in either flange caused
by the maximum design load exceeds the minimum
specified yield strength of the web steel, the compres-
sion-flange area shall not be less than the tension-flange
area. The top-flange area shall include the transformed
area of any portion of the slab or reinforcing steel that is
considered to act compositely with the steel girder.

The provisions of Article 10.48 through 10.52 shall
apply tohybrid beamsand girdersexcept asmodified bel ow.
In al equations of these articles, Fy shall be taken as the
minimum specifiedyield strength of thesteel of theelement
under consideration with the following exceptions:




&

BRIDGE DESIGN SpeciFicAaTIONS ® FEBRUARY 2004

a/trans

(1) In Articles 10.48.1.1(b), 10.48.4.1, 10.48.5.1,
10.48.6.1,10.49.2, 10.49.3.2(b), and 10.50.1.1.2,
use Fy of the compression flange.

(2) Articles 10.57.1 and 10.57.2 shall apply to the
flanges, but not to the web of hybrid girders.

The provisions specified in Article 10.40.4 shall also
apply. Longitudinal web stiffenerspreferably shall not be
located in yielded portion of the web.

10.53.1 Non-Composite Sections
10.53.1.1 Compact Sections

The equation of Article 10.48.1 for the maximum
strength of compact sections shall be replaced by the
expression:

My = FyZ (10-145)

where:

Fyr = specified minimum yield strength of the flange
(psi)
Z = plastic section modulus (in.3)

In computing Z, the web thickness shall be multiplied
by theratio of the specified minimumyield strength of the
web, Fyy, to the specified minimum yield strength of the
flange Fys.

10.53.1.2 Braced Non-Compact Sections

The equations of Article 10.48.2 for the design bend-
ing strength of braced non-compact sections shall be
replaced by the expressions

Mu = FyiSqR (10-146)
My = FaScRoR (10-1464a)

where:

S¢ = section modulus with respect to the tension
flange (in.3)

For symmetrical sections,

o 12+ 03a - &)

12425 (10-147)
where:
g b
Fyf
A
ﬁ — AW
!
for unsymmetrical sections,
1-a) B-y+a
roy Pri-af G-y +ay) (10-148

6+By(3-y)

where:

Y = distance from the outer fiber of the tension
flangeto the neutral axisdivided by depth of the
steel section

R shall be taken 1.0 at sections where the bending
stress in both flanges caused by factored loads does not
exceed the specified minimum yield strength of the web.

10.53.1.3 Partially Braced Sections

The design bending strength of non-compact hybrid
sections of partially braced members not satisfying the
lateral bracing requirement given by Equation (10-101)
shall be calculated asthelesser of the M, cal culated from
Equation (10-146) or M, calculated from Equation (10-
146d). M, calculated from Equation (10-1464) is not to
exceed M, calculated from the provisions of Article
10.48.4.1 with Equation (10-103a) replaced by the ex-
pression

My=M, Ry R (10-148a)
and the yield moment calculated as
SectioN 10 STRUCTURAL STEEL 10-101
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My = Fy SR (10-148b)

where:

R = Reduction factor for hybrid girders determined
from Article 10.53.1.2

R, = bending reduction factor determined by Equa-
tion (10-103)

10.53.1.4 Transversely Stiffened Girders

Equation (10-114) of Article 10.48.8.1 for the shear
capacity of transversely stiffened girders shall be re-
placed by the expression

Vu=V,C (10-149)

Theprovisionsof Article 10.48.8.2 and equationfor A

in Article 10.48.5.3 are not applicable to hybrid girders.

10.53.2 Composite Sections

The design strength of a compact composite section
shall be computed as specified in Article 10.50.1.1.2 or
Article10.50.2.1, asapplicable, using the specified mini-
mumyield strength of the element under considerationto
computethe plastic moment capacity. Theyield moment
inArticle10.50.1.1.2 shall be multiplied by R (for singly
symmetrical sections) fromArticle10.53.1.2, where  is
calculated as specified below for non-compact compos-
ite sections.

The design bending strength of a non-compact com-
posite section shall be taken as the design strength com-
puted from Article10.50.1.2 or Article 10.50.2.2, as ap-
plicable times R (for unsymmetrical sections) from Ar-
ticle10.53.1.2, inwhich ¢ isthe distance from the outer
fiber of the tension flange to the neutral axis of the
transformed section divided by the depth of the steel
section.

10.54 COMPRESSION MEMBERS
10.54.1 Axial Loading
10.54.1.1 Design Axial Strength

The design axial compression strength of concentri-
cally loaded columns shall be computed as:

10-102 Section 10 STRUCTURAL STEEL

P,=0.85AsFq (10-150)

where:

As = grosseffective area of the column cross section
(in2)
Fer = critical stress determined by one of the follow-
ing two formulas® (psi)
KL _ |27°E
for - o\ F (10-151)

F (kLY
Fcr=F{1—4ﬁ§E( r M (10-152)

KL _ |27°E
for B F, (10-153)
2
Fvcr = z E 2
(KL) (10-154)
,
where:

K = effectivelength factor in the plane of buckling;
Lc = length of the member between pointsof support
(in.)

radius of gyration in the plane of buckling (in.)
yield stress of the steel (psi)

= 29,000,000 (psi)

r
Fy
E

*Singly symmetric and unsymmetric compression members,
such as angles, or tees, and doubly symmetric compression mem-
bers, such as cruciform or built-up members with very thin walls,
may also require consideration of flexural-torsional and torsional
buckling. Refer tothe Manual of Steel Construction, Ninth Edition,
1989, American Institute of Steel Construction.

+ o+ 4+
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10.54.1.2 EffectiveLength

The effective length factor K shall be determined as
follows:

(8) For membershavinglateral supportinbothdirec-
tionsat its end:

K = 0.75for riveted, bolted, or welded end connec-
tions;
K = 0.875 for pinned ends.

(b) For members having ends not fully supported
laterally by diagonal bracing or an attachment to
an adjacent structure, the effective length factor
shall be determined by a rational procedure.”

10.54.2 Combined Axial Load and Bending
The combined maximum axial force P and the maxi-

mum bending moment M acting on abeam-column shall
satisfy the following equations:

P MX me

0854 + + L <1.0
. st cr Mux 1_L M 1_L
AF, “\" AF,
(10-155)
P M M
+—= +—2<1.0
0.854F, M, M, (10-156)

where:

F¢r = critical stress as determined by the equations of
Article 10.54.1.1(psi)

My = design bending strength as determined by Ar-
ticles 10.48.1, 10.48.2, or 10.48.4;

E7r2

Fe = [&)2 the Euler buckling stressin the plane of

7

bending;
(10-157)

* B.G. Johnson, Guide to Stability Design Criteria for Metal
Structures, John Wiley and Sons, Inc., New Y ork, 1976.

Cmx, Cy = coefficients applied to bending terms in
interaction formula for prismatic mem-
bers; dependent upon member curvature
caused by applied moments about the x-
axis and y- axis, respectively, as deter-
mined from Table 10.36A

Mp = FyZ, the full plastic moment of the sec-
tion (Ib-in.)

4 = plastic section modulus (in.3)

KrLC = effectiveslendernessratiointhe plane of
bending;

X = subscript; represents the x axis

y = subscript; representsthey axis

10.54.2.1 Deleted

10.54.2.2 Deleted

10.55 SOLID RIB ARCHES

10.55.1 Moment Amplification and Allowable

Stresses
1
A —
AF,
2

(KL) .

F, r)
F =—2|1- / and F, = F,
1.18 Az FE ’

(10-160)

10.55.2 Web Plates

10.55.2.1 The width-thickness ratio (D/t,,) of the
web plates shall not exceed the limiting values specified
in Table 10.55.2A.

SectioN 10 STRUCTURAL STEEL 10-103
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TABLE 10.55.2A Limiting Width-Thickness Ratios for Solid Rib Arches

Width-
Description of Component Thickness Limiting Width-Thickness Ratio
ratio
Without longitudinal 6,750
stiffeners \/Ta (10-161)
Dit, 10,150 (10-162)
Web With two longitudinal NIA
Plates stiffeners at the one-third
points of the web depth
1
3,500 (10-163)
V7.
O}ltstandmg element of bt 2,200 <12 (10-164)
stiffeners s f+ 1,13
Plates between webs 2,700 (10-165)
Fl Jot 1
ange ,
Plates b /tf
2,200

Overhang plates

<12 (10-166)

VIatty

b' = width of flange plate or width of outstanding element of web stiffeners (in.)

D = clear distance between flanges (in.)

f, = calculated axial compressive stress in the component under consideration (psi)

f, = calculated compressive bending stress in the component under consideration (psi)
tr = flange plate thickness (in.)
ts = web stiffener outstanding element thickness (in.)
tw = web plate thickness (in.)

10-104
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10.55.2.2 The width-thickness ratio (b'/ty) of any
outstanding element of the web stiffeners shall not ex-
ceed the limiting values specified in Table 10.55.2A.

10.55.3 FlangePlates

The width-thicknessratio (b'/t;) of flangeplates shall not
exceed the limiting values specified in Table 10.55.2.A.

10.56 SPLICES, CONNECTIONS, AND
DETAILS

10.56.1 Connectors
10.56.1.1 General

Connectors and connections shall be proportioned so
that their design strength as given in this Article, as
applicable, shall be at least equal to the effects of service
loads multiplied by their respectiveload factors as speci-
fied in Article 3.22.

10.56.1.2 Welds

Thedesign strength of theweld metal ingrooveandfillet
weldsshall beequal to or greater than that of thebasemetal,
except that the designer may use electrode classifications
with strengths |ess than the base metal when detailing fillet
welds for quenched and tempered steels. However, the
welding procedure and weld metal shall be selected to
ensure sound welds. The effective weld areashall betaken
asdefinedin ANSI/AASHTO/AWS D1.5 Bridge Welding
Code, Article 2.3 and the Standard Specifications of the
California Department of Transportation.

Thedesign strength of theweld metal, F (psi), shall be
taken as:

Groove Welds:

F=100F, (10-1664)
Fillet Welds:

F=045F, (10-166b)
where:

Fy = specified minimum yield strength of
connected material (psi)

Fu = specified minimumtensilestrength of theweld-
ing rod but not greater than the tensile stress of
the connected parts (psi)

10.56.1.3 Fasteners

10.56.1.3.1 Inproportioningfasteners(rivets, bolts,
threaded studs and threaded rods), the cross sectional
area based upon nominal diameter shall be used.

10.56.1.3.2 Design Shear Strength

The design shear strength of afastener, R, (Ib.), shall
be taken as:

For fastenersin joints whose length between extreme
fasteners measured parallel to the line of action of the
forceisless than 50 inches:

R, = A,F.N, (10-166¢)

where:

A, = areaof the fastener corresponding to the nomi-
nal diameter (in.2)

F, = design shear strength of fastener material speci-
fied in Table 10.56A (psi)

Ns = number of shear planes of the fastener

Thedesign shear strength of afastener in connections
greater than 50inchesshall betaken as0.8timesthevalue
given by Equation (10-166c).

10.56.1.3.3 Design Tension Strength

Thedesigntension strength of afastener, R; (Ib.), shall
be taken as:

R = AF,

t t

(10-166d)

where:

Fi = designtensionstrength of fastener material speci-
fied in Table 10.56A (psi)

SectioN 10 STRUCTURAL STEEL 10-105
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TABLE 10.56A Design Strength of and Fastener Materials
Design Shear Strength Design Tension Strength
Type of Fasteners F,= ¢, (psi) F,= ¢ (psi)
@ F, (psi) @ F, (psi)
Rivets 0.65 0.58F 0.65 F,
Bolts
Tglread?a are excluded from 0.48F 0.65 (for A307,
shear plane
0.78 A36, AS88, 0.75F

Bolts AS72) "
Threads are included in 0.38F, 0.75 (for others)
shear plane

Fu = specified minimum tensile strength of the fastener given in Table 10.2C (psi)

10.56.1.3.4 Thedesign bearing strength, R (Ib.), on
the connected material in standard, oversized, short-dlotted
holesloaded in any direction, or long-dotted holes parallel
to the applied bearing force shall be taken as:

R=09L(F, <18dtF,  (10-1666)

Thedesignbearing strength, R(Ib.), on the connected
material in long-slotted holes perpendicular to the ap-
plied bearing force shall be taken as:

R=0.75LtF, <15dtF, (10-166f)
The design bearing strength for the connection is

equal to the sum of the design bearing force strength for
the individual bolts in the connection.

where:

R = design bearing strength (Ib.)

Fu = specified minimum tensile strength of the con-
nected part (psi)

L. = clear distance between the holes or between the
hole and the edge of the material inthedirection
of the applied bearing force (in.)

d = nominal diameter of bolt (in.)

t = thickness of connected material (in.)

10-106 Section 10 STRUCTURAL STEEL

10.56.1.3.5 High-strength boltspreferably shall be
used for fasteners subject tension or combined shear and
tension.

For combined tension and shear, boltsand rivets shall
be proportioned so that the tensile stressdoes not exceed:

for f,/F, <033
F/ =F, (10-167)
for
F'= F\1-(f,/F,) (10-167a)
where:

fy = calculated rivet or bolt stressin shear (psi)

Fy = design shear strength of rivet or bolt from Table
10.56A or equal to KuTpasspecifiedin Article
10.57.3.1 (psi)

F; = design tensile strength of rivet or bolt from
Table 10.56A (psi)

F{ = reduced design tensile strength of rivet or bolt
due to the applied shear stress (psi)

o+t o+ o+ +

+

+



e e s

+
+

&

BRIDGE DESIGN SpeciFicAaTIONS ® FEBRUARY 2004

a/trans

10.56.1.4 Slip-Critical Joints

Slip-critical joints shall be designed to prevent slip at
the overload in accordance with Article 10.57.3, but asa
minimum the bolts shall be capable of developing the
minimum strength requirements in bearing of Articles
10.18 and 10.19.

Potential dlip of joints should be investigated at inter-
mediate load stages especially those joints located in
composite regions.

10.56.2 Bolts Subjected to Prying Action by
Connected Parts

Boltsrequiredto carry appliedload by meansof direct
tension shall be proportioned for the sum of the external
load and tension resulting from prying action produced
by deformation of the connected parts. The total tension
should not exceed the values given in Table 10.56A.

The tension due to prying actions shall be computed
as.

(10-168)

where:

Q = prying tension per bolt (taken as zero when
negative) (Ib.)

T = direct tension per bolt dueto external load (Ib.)

a = distance from center of bolt under consider-
ation to edge of plate (in.)

b = distancefrom center of bolt under consideration
to toe of fillet of connected part (in.)

t = thickness of thinnest part connected (in.)

10.56.3 Rigid Connections

10.56.3.1 All rigid frame connections, therigidity
of which is essentia to the continuity assumed as the
basisof design, shall be capabl e of resistingthemoments,
shears, and axial loads to which they are subjected by
maximum |loads.

10.56.3.2 The thickness of beam web shall meet
the following requirement:

il

Fd,d.

y

(10-169)

where:

M = column moment (Ib-in.)
dp = beam depth (in.)
dc = column depth (in.)

When the thickness of the connection web does not
satisfy the above requirement, the web shall be strength-
ened by diagonal stiffeners or by areinforcing plate in
contact with the web over the connection area.

Atjointswherethe flanges of one member arerigidly
framed into one flange of another member, the thickness
of the web, t,, supporting the latter flange and the
thickness of the latter flange, t., shall be checked by the
formulasbelow. Stiffenersarerequired on theweb of the
second member opposite the compression flange of the
first member when

A
t, <—~
t, + 5k

(10-170)

and opposite thetension flange of the first member when

. < 0.4\/A7/

(10-171)

where:

tw = thickness of web to be stiffened (in.)

k = distance from outer face of flange to toe of web
fillet of member to be stiffened (in.)

t, = thicknessof flangedeliveringconcentratedforce
(in.)

tc = thicknessof flange of member to be stiffened (in.)

As = areaof flangedelivering concentratedload (in.2)

10.57 OVERLOAD

Theoverload isdefined as Group 1 1oading divided by
1.3. If moment distribution is permitted under the provi-
sions of Article 10.48.1.3, the limitations specified in
Articles 10.57.1 and 10.57.2 shall apply to the modified

SectioN 10 STRUCTURAL STEEL 10-107
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moments, but not to the original moments. Web bending-
buckling shall be checked at overload according to Equa-
tion (10-173). For composite sections, D shall be cal cu-
lated inaccordancewith Article 10.50(b). Sectionsthat do
not satisfy Equation (10-173) shall bemodified to comply
with the requirement.

10.57.1 Non-Composite Sections

At non-composite sections, the maximum overload
flange stress shall not exceed 0.8F,.

10.57.2 Composite Sections

At composite sections, the maximum overload flange
stress shall not exceed 0.95Fy. In computing dead load
stresses, the presence or absence of temporary supports
during the construction shall be considered. For members
with shear connectors provided throughout their entire
length that al so satisfy theprovisionsof Article10.50.2.3,
the overload flange stresses caused by |oads acting on the
appropriate composite section may be computed assum-
ingtheconcretedeck to befully effectivefor both positive
and negative moment. For this case, theresulting stresses
shall be combined with the stresses dueto loads acting on
the non-composite section to calculate D, for checking
web bend-buckling.

10.57.3 Slip-Critical Joints

10.57.3.1 In addition to the requirements of Ar-
ticles 10.56.1.3.1 and 10.56.1.3.2 for fasteners, the force
caused by the overload on a dlip-critical joint shall not
exceed the design dlip strength, Rs (Ib.), given by:

R =K, u TANN, (10-172)

where:

An = net cross section area of the bolt (in.2)

Np = number of boltsin the joint

Ns = number of dlip planes

Ty = required minimum bolt tension stress specified
in the Standard Specifications of CaliforniaDe-
partment of Transportation or equal to 70% of
specified minimumtensilestrength of boltsgiven
in Table 10.2C (psi)
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u = slip coefficient specified in Table10.57A
Kn = hole size factor specified in Table 10.57B

ClassA, B or C surface conditions of the bolted partsas
defined in Table 10.57A shal be used in joints designated
asdip-critical except as permitted in Article 10.57.3.2.

High strength bolts done according to the Standard
Specifications of the California Department of Trans-
portation, Section 55, will be tensioned and the contact
surface condition of the assembly will be Class B.

TABLE 10.57A Slip Coefficient u
Class Types | Contact Surface of Bolted Parts Y7,

Clean mill scale and blast-cleaned

Class A surfaces with Class A coating 0.33
Blast-cleaned surfaces and blast-

Class B | cleaned surfaces with Class B 0.5
coating
Hot-dip galvanized surfaces

Class C roughened by wire brushing after 0.33

galvanizing

Note: Coatings classified as Class A or Class B include
those coatings which provide a mean slip coeffi-
cient not less than 0.33 or 0.5, respectively, as
determined by Testing Method to Determine the
Slip Coefficient for Coatings Used in the Bolted
Joints. See Article 10.32.3.2.3.

TABLE 10.57B Hole Size Factor Slip Kj
Hole Types K,
Standard 1.0
Oversize and Short-slotted 0.85
Long-slotted holes with the slot 0.70
perpendicular to the direction of the force ’
Long-slotted holes with the slot parallel to 0.60

the direction of the force

10.57.3.2 Subject tothe approval of the Engineer,
coatings providing a slip coefficient less than 0.33 may
be used provided the mean slip coefficient isestablished
by test in accordance with the requirements of Article
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10.57.3.3, and the dip resistance per unit area estab-
lished. The slip resistance per unit area shall be taken as
equal to the dlip resistance per unit area from Table
10.57A for Class A coatings as appropriate for the hole
type and bolt type times the slip coefficient determined
by test divided by 0.33.

10.57.3.3 Paint, used on the faying surfaces of
connectionsspecifiedto besdlip critical, shall bequalified
by testinaccordancewith” Test Method to Determinethe
Slip Coefficient for Coatings Used in Bolted Joints’ as
adopted by the Research Council on Structural Connec-
tions. See Appendix A of Allowable Stress Desigh Speci-
ficationfor Sructural JointsUsing ASTM A 325 or A490
Bolts, published by the Research Council on Structural
Connections.

10.57.3.4  For combined shear and tension in slip
critical jointswhereappliedforcesreducethetotal clamp-
ing force on the friction plane, the dlip force shall not
exceed the design slip strength given by:

R =R (1-1.88f,/F,) (10-172b)

where:

fi = calculated tensile stress in the bolt due to ap-
plied loads including any stress due to prying

actions (psi)

Rs = design dlip strength specified in Equation (10-
172) (Ib.)

Fu = specified minimum tensile strength of the bolt
from Table 10.2C (psi)

10.58 FATIGUE
10.58.1 General

The analysis of the probability of fatigue of steel
members or connection under service loads and the
allowable range of stress for fatigue shall conform to
Article 10.3, except that the limitation imposed by the
basic criteriagivenin Article 10.3.1 shall not apply. For
members with shear connectors provided throughout
their entire length that also satisfy the provisions of
Article 10.50.2.3, the range of stress may be computed
using composi te section assuming the concrete deck to be
fully effective for both positive and negative moment.

10.58.2 Composite Construction
10.58.2.1 Sab Reinforcement

When composite action is provided in the negative
moment region, the range of stressin slab reinforcement
shall be limited to 20,000 psi.

10.58.2.2 Shear Connectors

The shear connectors shall be designed for fatiguein
accordance with Article 10.38.5.1.

10.58.3 Hybrid Beamsand Girders

Hybrid girders shall be designed for fatigue in accor-
dance with Article 10.3.

10.59 DEFLECTION

Thecontrol of deflection of steel or of composite steel
and concrete structures shall conform to the provision of
Article 10.6.

10.60 ORTHOTROPIC
SUPERSTRUCTURES

A rational analysis based on the Strength Design
Method, in accordance with the specifications, will be
considered as compliance with the specifications.

10.61 CONSTRUCTIBILITY

The Moment and shear capacity of a steel beam or
girder shall meet the requirements specified below to
control local buckling of the web and compression
flange, and to prevent lateral torsional buckling of the
cross section under the non-composite dead load prior to
hardening of the deck slab. The casting or placing se-
guence of the concrete deck specified in plans shall be
considered in determining the applied moments and
shears. A load factor y = 1.3 shall be used in calculating
the applied moments and shears.

10.61.1 Web

The maximum factored non-composite dead load
compressive bending stress in the web shall not exceed
the allowable design bending stress given below:

SectioN 10 STRUCTURAL STEEL 10-109
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F = 26, 200,920&1 k o F
&b o (10-173)
€s
where:

Fyw= specified minimum yield strength of the web
(psi)

D, = depth of the web of the steel beam or girder in
compression (in.)

D = webdepth (in.)

ty = thickness of web (in.)

k =9(D/Dg)? for members without a longitudinal
stiffener

a = 1.3formemberswithout alongitudinal stiffener

a = 1.0for memberswith alongitudinal stiffener

Sections without longitudinal stiffeners that do not
satisfy Equation (10-173) shall either be modified to
comply with the requirement or alongitudinal stiffener
shall be added to the web at a location on the web that
satisfiesboth Equation (10-173) and all strengthrequire-
ments, which may or may not correspond to the optimum
location of thelongitudinal stiffenersspecifiedinArticle
10.49.3.2(a). For longitudinally stiffened girders, the
buckling coefficient, kiscalculated as

for
.-2 .-2
93 04 k= 517 23323988'32
D, ¢dsg  éDcg
for
d & D 62
= < 0.4 k = 11.64 c——
c eDc - dsﬂ
where:

ds = distancefromthecenterlineof aplatelongitudi-
nal stiffener or thegagelineof ananglelongitu-
dinal stiffener to theinner surface or the leg of
the compression flange component (in.)

Theweb thickness requirements specified in Articles
10.48.5.1, 10.48.6.1, 10.49.2 and 10.49.3.2(b) shall not
beappliedtothe constructibility load case.

10-110 Secrion 10 StrucTuRAL STEEL

The sum of the factored non-composite and composite
deadloadshearsshall not exceed designshear strengthof the
web specifiedin Article 10.48.8.1 (Equation 10-113).

10.61.2 Deleted
10.61.3 CrossSection

The maximum factored non-composite dead-load
moment shall not exceed the value of M, calcul ated for
the steel beamsor girder using the equationsspecifiedin
Article10.48.4.1.

10.61.4 CompressionFlange

Theratio of thecompressionflangewidthtothickness
in positive-moment regions shall meet the following
requirement:

b 240 ;o
N

(10-174)

where:

fa = top-flange compressive stress due to the fac-
tored non-composite dead load divided by the
factor R, specified in Article 10.48.4.1, but not
to exceed Fy. (psi)






